The benign clear cell tumor of the lung, also known as "sugar" tumor of the lung, is a very rare and somewhat controversial entity. The tumor was initially described by Liebow and Castleman in 1963 (1) as "benign 'clear cell tumor'" of the lung. Subsequently, the same authors reported 12 examples of this tumor, using the modified term "benign clear cell ('sugar') tumor" of the lung (2) . In a 1985 review, Andrion et al. (3) had only identified an additional 10 tumors in the world literature.
The origin of "sugar" tumors of the lung has been debated. Although early studies suggested origin from smooth muscle or pericytes (4), neuroendocrine (Kulchitsky) cells (5, 6) , and epithelial nonciliated bronchiolar (Clara) or serous cells (3) , more recent studies have noted reactivity for HMB-45 (7, 8, 9) and have shown ultrastructural evidence of melanocytic differentiation (9) . Expanding on the latter concepts, Bonetti et al. proposed that clear cell tumors of the lung arise from the "perivascular epithelioid cell" or "PEC" and noted that similar cells have been identified in angiomyolipomas and lymphangiomyomas (7) . In reporting a pancreatic sugar tumor, the same authors propose the term "PEComa" to describe these lesions (10) .
Herein we report four additional extrapulmonary clear cell tumors, one apparently malignant, having light microscopic, immunohistochemical, and ultrastructural features similar to "sugar" tumors of the lung.
METHODS AND MATERIALS
Putative cases of extrapulmonary sugar tumors were identified from the consultation files of the authors based on the histologic, immunohistochemical, and ultrastructural findings described below. One case has been previously reported (11) . All tumors had been formalin-fixed, processed routinely, and stained with hematoxylin and eosin, and Periodic Acid Schiff (PAS) with and without diastase predigestion. Immunoperoxidase stains were performed on paraffin-embedded tissue using the antibodies and dilutions shown in Table 1 . Transmission electron microscopy was performed in a routine fashion by retrieval of tissue from the paraffin block or from glutaraldehyde-fixed tissue as available. Pertinent clinical history and follow-up were obtained from referring physicians.
Case Histories
A summary of the pertinent clinical findings is presented in Table 2 . The case histories follow.
Case 1: An otherwise healthy 9-year-old girl presented with a prolapsing rectal tumor, which was excised transanally. The tumor measured 3.0 cm in greatest dimension and showed a glistening pale tan appearance. Without additional therapy, the patient is alive and well 14 months postoperatively.
Case 2: A 20-year-old otherwise healthy woman was noted to have a 2 cm in diameter partially cystic perineal perineum tumor, which was excised in three fragments. She has received no further therapy and is well four years later with no evidence of recurrence or metastasis.
Case 3: A 29-year-old man with a seven-year history of atrial fibrillation presented with symptoms of mitral stenosis. After work-up, he underwent a thoracotomy that revealed a left atrial tumor growing through the interatrial septum to involve right atrium and extending throughout the left lateral wall into the pericardial sac. Grossly, the tumor appeared to extend very near the pulmonary veins. Because of its infiltrative nature, only incisional biopsies were taken at initial operation. Grossly, the tumor appeared pale yellow. Subsequently, the tumor was resected and left atrial reconstruction performed with a bovine graft and reimplantation of pulmonary veins. The patient died shortly thereafter of cardiac failure thought to be due to nontumorous coronary artery thromboemboli. At postmortem examination, no residual primary or metastatic tumor was found.
Case 4: A 40-year-old woman, who was otherwise healthy, presented with a recent history of profuse rectal bleeding. At colonoscopy, a lesion was noted on the anterior wall of the rectum at 8 -10 cm, which was snared and brought down to near the anal opening. Upon mucosal incision, the lesion "popped out." Grossly, the tumor was centrally cystic and had a friable, red to yellow appearance. Computed tomography of the pelvis, abdomen, and retroperitoneum were negative. Vaginal exam showed no apparent connection to the rectal lesion. The patient is alive and well at 6 months without further treatment.
Pathologic Findings
The tumors were comprised of the following: 1) plump, epithelioid cells with abundant clear to lightly eosinophilic cytoplasm with 2) round, medium-sized nuclei with occasional moderately sized nucleoli, and 3) a zellballen type architecture with small tumor nests separated by thin fibrous septa containing capillaries (Fig. 1 ). In the benign cases (Cases 1, 2, and 4), the tumor borders were fairly well circumscribed but nonencapsulated. Mitotic figures were rare, and there was no necrosis, frank anaplasia, or vascular invasion. In contrast, the presumed malignant tumor from Case 3 demonstrated extensive necrosis, locally infiltrative growth, and probable vascular invasion ( Fig. 2) , had scattered pleomorphic nuclei, moderately sized nucleoli, a high mitotic rate, (45/10 high powered fields), and scattered atypical mitotic figures.
In Case 1, the tumor was predominantly submucosal, although the mucosa was involved focally. The neoplasm was adjacent to a prominent mucosal vessel, possibly lymphatic (Fig. 3) . In Case 4, moderate amounts of hemosiderin and lesser amounts of hematoidin pigment were present but melanin was not identified. Focally, dilated racemose spaces suggestive of lymphatic structures were evident (Fig. 4) . All tumors demonstrated PAS-positive granules which were abolished with diastase digestion, consistent with significant cytoplasmic glycogen ( Table  3) . Immunohistochemical analysis revealed positive staining with antibody against HMB-45 in all cases (Fig. 5) , weak vimentin reactivity in Case 1, and a lack of reactivity with S-100 protein and the remainder of the antibodies shown in Table 1 .
Ultrastructural features are summarized in Table  3 . In case 1, there were scattered premelanosomes ( Fig. 6 ) and prominent cytoplasmic glycogen but no neurosecretory granules, junctions or desmosomes. Case 4 contained clustered cytoplasmic structures highly suspicious for premelanosomes, however sufficient internal structures was not present for a definitive determination. In Case 3, rare structures equivocal for premelanosomes were noted, however, cytoplasmic microtubular aggregates were present. Case 2 was similar to the others, but premelanosomes were not demonstrated.
DISCUSSION
The common features of the tumors described herein are an organoid, paraganglioma-like architecture, clear glycogen-rich cytoplasm, lack of immunohistochemical or ultrastructural evidence of epithelial origin, and immunoreactivity for HMB-45. In addition, premelanosomes or premelanosome-like structures were identified in three of four cases. Because these features have all been described in so-called clear cell ("sugar") tumors of the lung, we have proposed the name primary extrapulmonary sugar tumors, or "PEST's," to describe this entity. The acronym is apropos, since the tumors reported herein have been difficult to diagnose and classify, and it retains the historical connection to clear cell 'sugar' tumors.
Although similar lesions may have been reported under other names, to our knowledge, only four previous reports of primary, extrapulmonary sugar tumors exist -a benign tracheal lesion (12), a presumed benign pancreas tumor (10), a rectal lesion (reported previously in Ref. 11, but presented in more detail here), and a uterine lesion (14) . Similar tumors which have evidence of smooth muscle differentiation as well as melanocytic differentiation and which have a particular predilection for the ligamentum teres and falciform ligament in children have also been report (15, 16) .
The majority of pulmonary sugar tumors have been benign, hence the oft-used synonym "benign clear cell tumors." However, Sale et al. have reported one that metastasized to the liver ten years after resection of the primary lesion (17) . A case the patients remain healthy 8, 14, and 48 months postoperatively. We regard our Case 3, however, as malignant by virtue of the locally infiltrative growth pattern, probable vascular invasion, high mitotic rate, and necrosis. Of note, the putative malignant pulmonary sugar tumor reported by Sale et al. also showed necrosis, similar to our case. HMB-45 is a monoclonal antibody developed by Gown et al. in 1985 from an extract of metastatic melanoma which showed absolute specificity for melanocytic tumors in their hands (20) and is now known to react with gp100 (21) . Despite some problems with contamination in a commercially available source (22) (23) (24) (25) (26) recent experience suggests that HMB-45 very rarely stains non-melanocytic tumors.
Reproducible HMB-45 staining has been identified in tuberous-sclerosis associated hamartomatous lesions not traditionally thought to be melanocytic in origin. Nearly all renal and hepatic angiomyolipomas (27) (28) (29) (30) (31) (32) (33) and cases of lymphangioleiomyomatosis (27, 29, 34) have shown HMB-45 reactivity. The occasional ultrastructural identification of melanosomes or premelanosomes (29, 31) suggests the reactivity is not spurious.
A putative association between angiomyolipomas and sugar tumors of the lung was initially proposed by Bonetti et al. (7) . They noted HMB-45 reactivity in 3 of 3 sugar tumors of the lung, as had been noted by others previously (8) , and suggested that this immunoreactivity, coupled with the resemblance of the glycogen-rich cells of the sugar tumor to the perivascular epithelioid component of angiomyolipoma and lymphangioleiomyomatosis (30, 35) , and the finding of intratumoral mature adipose tissue in one pulmonary sugar tumor, suggests that these tumors are members of the same family. Unlike our cases, angiomyolipoma and lymphangioleiomyomatosis also typically show light microscopic, immunohistochemical, and ultrastructural evidence of smooth muscle differentiation. Interest- ingly, two of our cases (1 and 4) had some aberrant, dilated vascular channels which may represent abnormal lymphatic spaces, further supporting a connection between PEST lesions and lymphangioleiomyomatosis. Our patients did not have known stigmata of tuberous sclerosis.
For the sugar tumor/angiomyolipoma/lymphangiomyoma family of tumors, Zamboni and colleagues (10) propose the term PEComa, meant to describe a tumor composed purely of the perivascular epithelioid cell component of this family of tumors. We agree with their concept, although the term "PEComa" may inappropriately imply that all tumors are benign. Hence, we suggest the term PEST as described above.
The major differential diagnosis for PEST's includes paraganglioma, malignant melanoma, and clear cell sarcoma. Although the "zellballen" architecture closely resembles that seen in paraganglioma, the lack of neuron specific enolase, chromogranin, and synaptophysin reactivity, or S-100 positive sustentacular cells, but reactivity for HMB-45 and the presence of premelanosomes ultrastructurally in the absence of neurosecretory granules, should allow distinction from paraganglioma. Using an Enzo HMB-45 antibody, focal (Ͻ5% of cells) HMB-45 reactivity has been noted in a minority of pheochromocytomas (36) , although others, also using an Enzo product, have failed to detect HMB-45 in any of 19 pheochromocytomas and paragangliomas (37) . A single pigmented pulmonary carcinoid tumor has also been reported to show rare melanosomes in heavily pigmented S-100 protein and HMB-45 positive sustentacular cells (38) .
The distinction between PEST, and malignant melanoma and clear cell sarcoma may be a bit more difficult, particularly when significant mitotic activity and necrosis are seen, as in our Case 3. The majority of malignant melanomas will show both S-100 protein and vimentin reactivity (39) whereas PEST's appear to be uniformly S-100 protein negative and are generally vimentin negative. In histologically benign PEST's, the low mitotic activity and lack of necrosis are helpful. The presence of a neoplasm in a primary site unusual for malignant melanoma, particularly when no other lesions are found, is also helpful supportive clinical evidence for a PEST. This diagnostic dilemma may occasionally be insoluble as highlighted by the recently reported case of Ribalta et al. (18) . Clear cell sarcoma is a reasonable diagnostic consideration in our Case 3. We feel this likely represents a malignant form of PEST, however, since the heart would be an unusual site for primary clear cell sarcoma, no other putative primary sites or synchronous lesions were noted at autopsy, and the majority of clear cell sarcomas are vimentin positive and S-100 protein positive (40) .
One final neoplasm which could be confused with PEST's is the recently described melanocytic clear cell neoplasm of the kidney (41) . These tumors also have a richly vascular alveolar growth pattern and are composed of cells with abundant clear cytoplasm. But, in addition to showing reactivity for HMB-45, tyrosinase and melan A, they show focal reactivity with antibodies to keratin and EMA, unlike PEST's A reasonable approach for PEST's without significant mitotic activity, necrosis, local or angiolymphatic invasion is conservative local excision and periodic follow-up. Case 3 represents a presumably malignant form of PEST which may be analogous to the malignant form of clear cell tumor of the lung reported by Sale et al. (17) and Bonetti et al. (13) . Additional cases of putative aggressive forms of PEST will need to be studied in order to gain more insight into their behavior.
